nitrogen applications have generated great interests in agriculture, with much of its success associated with increasing the uptake of nitrogen by crops while reducing pollution by this chemical fertilizer. the aim of the present study was to evaluate the interactive effect of rhizospheric microorganisms on nutrient uptake, yield and growth of mung bean grown in pots under glasshouse conditions. the results revealed that the growth, in terms of morphology and physiology, of all the inoculated plants was better than that of the control plants. in terms of growth, plant height, fresh and dry weights and length of the roots plants inoculated with both Funneliformis mosseae + T. viride did best. total chlorophyll content, alkaline and acidic phosphatase activities were greatest when inoculated with only F. mosseae and fresh and dry weights of shoots when inoculated only with T. viride. significant increase in n and P uptake was recorded when inoculated with both F. mosseae + T. viride. overall the significant increase in growth and development was due to positive interactions among rhizospheric microorganisms leading to healthy and vigorously growing plants. However, there is now a need for field trails of this technique.
Introduction
legumes are important land plants as they are able to grow in water-deficient and low-nutrient environments. many legumes form symbiosis with both nitrogen fixing rhizobia and arbuscular mycorrhizal (am) fungi. Dual inoculation with both microorganisms results in a tripartite mutualistic symbiosis and increases plant growth to a greater extent than inoculation with only one of them (chalk et al. 2006) . Vigna radiata (l.) Wilczek commonly known as mung bean is an important grain legume crop in south east asia and africa, and a source food that has a high nutritive value (kumar et al. 2002; salunke et al. 2005) . it is not only a rich and economical source of protein, phosphorus, carbohydrate, minerals and provitamin a, but also commonly used as fodder and green manure. mung bean contains bioactive components with antioxidant, antimicrobial and insecticidal properties (Bounce 2002; kaprelynts et al. 2003; madhujith et al. 2004; ahmad et al. 2008) .
The scarcity of food containing high levels of protein, micronutrients and various vitamins sources is an increasing problem affecting millions of people in developing countries (Burchi et al. 2011) . The need for innovative technologies to meet the growing challenges of scarcity of food and malnutrition in the poor and hungry parts of the world must be addressed (clugston 2002) . to improve the quality and yield of economically important legumes, particularly mung bean, farmers apply large quantities of chemical fertilizer, which has detrimental effects on the soil, such as the accumulation of toxic salts. application of environmentally friendly and potentially cost effective microbial bio-fertilizer could be a better solution (mia and shamsuddin 2010).
structural and physiological studies have revealed that legumes form tripartite symbiotic associations with nodule forming rhizobia and am fungi (Barea et al. 2005) . The micro-symbionts in both associations are benefited by photo assimilates from the plant. The macro-symbionts fix nitrogen in the case of the bacterial symbiosis in root nodules (Brewin 1991; crespi and galvez 2000) and immobile nutrients, especially phosphate, in the case of am symbiosis (stract et al. 2003; miransari et al. 2009 ). nitrogen availability and p uptake from less soluble sources is an important issue, thus it is important to understand the tripartite association of legumes with Rhizobium and am (kwapata and hall 1985; satter et al. 2006) . There is increasing evidence that diverse microbial populations in the rhizosphere play a significant role in agricultural sustainability (Barea et al. 2002) . however, due to the obligatory biotrophy of am fungi, the two symbioses are rarely studied together. moreover, the initiation and functioning of the tripartite symbiosis is complex and despite efforts made over the last two decades or so, there are still many facts about this symbiosis that are unknown (gianinazzi-pearson et al. 1995) . considering the beneficial effect of amF on other crops, more attention should be paid to combining appropriate mycorrhizal fungi with other soil microbes in order to increase yields of mung bean. With this in mind, a pot experiment was carried out under glass house conditions to investigate the effect of am fungi alone or in combination with other bio-inoculants on mung bean.
Material and methods

Mass multiplication of bio-inoculants
The two dominant am species used in this study were Funneliformis mosseae (t.h. nicolson and gerd.) Walker and schüβler and Acaulospora laevis gerdemann and trappe. These species were isolated from the rhizosphere of mung beans collected from the Botanical garden, kurukshetra university, kurukshetra and kept in sterilized polythene bags at 10 °c for further processing. The am species were propagated in association with barley under standard pot culture conditions. The culture of Rhizo bium sp. (procured from Department of micro biology, ccs haryana agricultural university, india) was mass multiplied using nutrient broth medium and that of T. viride on a modified wheat bran-saw dust medium (mukhopadhyay et al. 1986 ).
Preparation of pot mixture
The experiment was laid out in a randomized complete block design, with five replicates of each treatment. top soil (0-30 cm) was collected from the Botanical garden of Botany Department, kurukshetra university, kurukshetra, which consisted of 20.8% silt, 3.78% clay, and had a ph of 8.05, 0.0485 total n and 0.015% available p. This soil was air dried and passed through a 2 mm sieve. The soil to be used in the experiment consisted of a soil: sand mixture (3:1, v/v), which had been autoclaved for 20 minutes at 121 °c and 15psi. each pot was filled with the sterilized soil:sand mixture to which 10% (w/w of soil) of the selected am inoculum was added. T. viride inoculum containing 3.4 × 10 8 cfu gm −1 was added as per the treatment. The seeds were surface sterilized with 10% solution of sodium hypochlorite for 1-2 minutes and then washed thoroughly with distilled water. Before sowing seeds 10 ml of a liquid suspension of bacteria, with a density 10 8 cells/ml, was applied to each pot. pots were watered once every two days, and fertilized with a nutrient solution after 15 days (Weaver and Fredrick 1982) , which contained half the recommended level of phosphorus and no nitrogen. pots were either treated with a single inoculum, a combined inoculum or no inoculum as outlined below:
1. uninoculated i.e. autoclaved sterile sand: soil with no inoculum (control 1) 2. uninoculated i.e. unsterilized sand: soil with no inoculum (control 2) 3. Funneliformis mosseae (F) 4. Acaulospora laevis (a) 5. Trichoderma viride (t) 6. F + t 7. a + t 8. F + a 9. F + a + t Means were compared using the least significant difference (lsD) test (P ≤ 0.05). Data in each column followed by dissimilar letters differ significantly at P ≤ 0.05. Means were compared using the least significant difference (lsD) test (P ≤ 0.05). Data in each column followed by dissimilar letters differ significantly at P ≤ 0.05.
Plant harvest, growth and nutrient analysis plants were harvested after 120 days by uprooting them from the soil and various morphological and physiological features measured. For determining root and shoot fresh and dry weight, roots and shoots were harvested after 120 days, weighed and then, oven dried at 70 °c and weighed again. amount of chlorophyll a, chlorophyll b and total chlorophyll was estimated using the method of arnon (1949) . stomatal conductance (mmol −2 sec −2 ) was measured using a porometer (ap 4 -Delta-t Devicescambridge-u.k.). phosphorus concentration were determined using the 'vanado-molybdo-phosphoric yellow colour method' (Jackson 1973) and nitrogen using the kjeldahl method. phosphatase activity was assayed using p-nitrophenyl phosphate (pnpp) as a substrate, which is hydrolyzed by the enzyme to p-nitrophenol (tabatabi and Bremner 1969).
Identification and quantification of the number and colonization by AM spores
am spores (F. mosseae and A. laevis) were identified by using the identification manual used by Walker (1983), scheneck and perez (1990), morton and Benny (1990) and mukerji (1996) . Quantification of the number of am spores was done using the adholeya and gaur 'grid line intersect method ' (1994) . mycorrhizal colonization of roots was determined using the 'rapid clearing and staining method' of phillips and hayman (1970) . percentage am colonization of roots was: (number of root segments colonized / number of root segments studied) × 100.
statistical analysis
Data were subjected to analysis of variance and means separated using the least significant difference test in the statistical package for social sciences (ver.11.5, chicago, il, usa) .
results
it is evident from (table 1) that inoculated plants were taller than the un-inoculated control plants. The increase in plant height was significantly greatest for those inoculated with both F. mosseae + T. viride followed by those inoculated only with F. mosseae. This indicates that mung bean benefited from the particular mycorrhizal symbioses used in this study. maximum increment in shoot biomass was recorded in single inoculation treatment with T. viride followed by dual inoculation with F. mosseae and T. viride. according to the results in table 1 root biomass (fresh and dry) was also significantly greater in all the treatments than the control. after 120 days, the increase in root biomass was greatest in the dual treatment with F. mosseae and T. viride followed by that in the single treatment with F. mosseae.
The greatest root length was recorded for plants inoculated with both F. mosseae and T. viride followed by those inoculated only with F. mosseae.
The result indicates that the mycorrhizal colonization of roots and number of spores of am recorded for the treated plants varied ( according to table 2 the phosphatase activity recorded for inoculated plants was considerably greater than that recorded for the control. This is due to the mycorrhizal fungal hyphae that secrete acid and alkaline phosphatases (apa and ala) into the rhizosphere. The acidic phosphatase activity was greatest for the F. mos seae treated plants followed by those treated with F. mos seae + T. viride. in addition, the greatest alkaline activity was recorded for the treatment with F. mosseae. acidic phosphatase activity was greater than that of alkaline phosphatase.
mycorrhizal colonization of roots also influences the behaviour of the stomata of the leaves. stomatal conductance (morning and evening) of plants treated with different combinations of am fungi and T. viride increased (table 2). stomatal conductance was greatest in the morning in plants treated with F. mosseae and in the evening in those treated with F. mosseae + T. viride. The conductance recorded for the stomata on the lower surface of leaves was greater in the morning than the evening.
The maximum number of nodules was recorded for the dual inoculation treatment, i.e. with F. mosseae and T. viride, followed by the triple inoculation treatment with F. mosseae, A. laevis and T. viride. The inoculation of several different microbes appears to result in a synergistic interaction among them that substantially improves the nutrition available to the mung bean plants.
am fungi improved the mineral nutrition of associated plants (table 3) . mung bean plants inoculated with am fungi and T. viride had increased n and p contents in roots and shoots compared with the control. among all the treated plants those inoculated with F. mosseae showed the greatest percentage increase in shoot and root p content and those treated with both F. mosseae + A. laevis the greatest percentage in shoot and root n. This might be due to an increase in carbon supplied by the plant to the am fungi, which increases the uptake and transfer of nutrients from fungi to plants. in the present study, more p than n was absorbed by all the am inoculated mung bean plants. The increase in p content was due to the am fungal network that can take up p and convert it into polyphosphate granules in the extra radical hyphae and pass it to the arbuscules, which then make it available to plants. The increase in total n is attributed to the increased n 2 fixation by the am hyphae.
Data on yield (table 2) indicate that bioinoculation of mung bean plants with either am or T. viride resulted in a significant increase in the weight of the pods and consequently higher yields compared to the control. treatment with a mixture of F. mosseae and T. viride resulted in the greatest increase in yield in terms of the number of pods followed by those plants treated with T. viride. That is, the greatest yield was of plants inoculated with both am fungi and T. viride, which operated together more effectively in supplying their host plants with their nutrient requirements than when either operated on its own.
Discussion
in the present investigation, dual inoculation or a mixed inoculation gave better results than either of the two inoculates on their own. The F + t treatment gave better results than the other treatments because Tricho derma might produce extra cellular metabolites that enhance the am population in the soil. The increased height of mycorrhizal plants is attributed to a higher am colonization, which is known to enhance plant growth by increasing nutrient uptake and plant growth promoting substances in the rhizosphere of mung bean. The beneficial effects of am symbiosis are also known to be mediated by phytohormones,, which could be suitable candidates for signaling between plants and am fungi and important in the auto regulation of mycorrhization (meixner et al. 2005) . These observations accord with earlier reports of nzanza et al. (2011) that Solanum lycoper sicum inoculated with Trichoderma harzianum and am fungi are taller than control plants. vázquez et al. (2000) also found that inoculation with am and other microbes resulted in taller maize plants. The better results obtained when unsterilized rather than sterilized soil is used may be due to the presence of natural micro-flora in the soil. This may be due to competition for space and nutrition between the diverse microflora in unsterilized soil. khan et al. (2008) also report a significant increase in shoot and root dry weight of Medicago sativa following inoculation with am fungi. similar results are also reported by arumugam et al. (2010) for Vigna unguiculata inoculated with am and Rhizobium. This may be due to the fact that there were no indigenous microbes to compete with the inoculated strain. secondly, the greater reproduction of am fungi in soil based inoculums, which sprouted rapidly from extracellular and intracellular hyphae, absorbsed more nutrients, even far from the surface of the roots, which enhanced the growth and biomass of the plants.
The better results obtained when only F. mosseae was inoculated may be due to better space and nutrition for its multiplication and survival in sterilized soil, and therefore it was able to absorb more nutrients from the soil resulting a better growth of mung bean. in addition, the mycorrhizal colonization of the soil in effect enabled the plants' root systems to extend deeper into the soil and invade nutrient depleted zones and enhance soil aggregation, which ultimately improves the access of the root system to soil water and nutrients. galleguillos et Means were compared using the least significant difference (lsD) test (P ≤ 0.05). Data in each column followed by dissimilar letters differ significantly at P ≤ 0.05.
al. (2000) record a significant increase in root length of plants inoculated with G. mosseae and chen et al. (2006) that of Trifolium repens and Coreopsis drummondii growing in soil inoculated with an isolate of G. mosseae. The mixed inoculum of F + a + t gave better results than the control, which may be due to their synergistic effect. since the spatial distribution of soil hyphae can vary among fungal species, an increase in the overall hyphal density of am mycelium around the roots resulting from colonization by several am fungi may be greater than colonizations by a single species. alternately, different am fungi may produce different amounts of soil binding agents and the interactions of these agents within the aggregates may result in a synergistic effect on soil stability. Rhizobium species are also effective root colonizers as they produce secondary metabolites that enhance amF growth and thus increase mycorrhizal spore number and colonization of mung bean. in addition, T. viride may behave as a mycorrhizal helper by promoting higher percentage colonization and am spore number. The results of the present investigation are in agreement with the findings of hemashenpagam and selvaraj (2011) as Solanum viarum was also inoculated with am fungus and plant growth promoting rhizobacteria (pgpr's).
The increase in chlorophyll content recorded in the present investigation may be due to an increase in stomatal conductance, photosynthesis, transpiration and enhanced plant growth. increase in chlorophyll content in mycorrhizal treated plants indicates an increase in the rate of photosynthesis, which can be ascribed to an increase in the absorption of nutrients. This supports the hypothesis that soil micro-organisms produce phytohormones and a number of extra-cellular enzymes, which decompose the complex organic matter before it is absorbed as a source of energy, which stimulate plant growth (richard et al. 2007 ). several workers report more chlorophyll in the leaves of mycorrhizal plants than those of non-mycorrhizal plants (karthikeyan et al. 2009; arumugam et al. 2010) .
The activity of acid phosphatase may be associated with the growth and development of the fungus within the tissue of the host and with phosphorus acquisition by the rhizosphere. in the present investigation, it was found that phosphatase activity (alkaline and acidic) in plants was greatest in those with the greatest mycorrhizal root colonization. alkaline phosphatase activity is also closely linked with both the stimulation of mycorrhizal growth and arbuscular phase of the colonization. studies have revealed that alkaline phosphatase activity is localized in the vacuoles of mature arbuscules (gianiniazzi et al. 1979) . These enzymes (apa and ala) help in mineralization of bound phosphorus into a soluble form, which makes it more easily available to plants. The present findings are in agreement with numerous other reports (Dodd et al. 1987; rubio et al. 1990; abdel-Fattah 2001) . Thus, phosphatase activity may be helpful in improving soil health and also act as an indicator of soil quality.
The progressive increase in stomatal conductance resulting from am inoculation might be due to higher rates of photosynthesis and increase in the number of stomata on the lower surfaces of the leaves. higher rates of stomatal conductance in mycorrhizal plants are also reported by auge (2001) . Fidelbus et al. (2001) also report that am fungi have positive role in lowering the rate of leaf conductivity of citrus seedlings growing in very dry soils.
The greater number of nodules number of treated plants may be due to the mutual positive action of Rhizo bium species and am fungi strains in increasing the uptake of phosphorus and nitrogen from soil. The role of arbuscular mycorrhizae in improving nodulation and n 2 fixation is universally recognized. am fungi are known to release an unidentified diffusional factor (myc factor) (parniske 2008; maillet et al. 2011) , which activates the nodulation factor's inducible gene, involved in establishing the symbiosis with the nitrogen fixing rhizobial bacteria (kosuta et al. 2003) . it is also reported that effective mycorrhizal colonization can also increase nodulation and symbiotic nitrogen fixation in legumes (hamel 2004) . moreover, when Rhizobium bacteria are present in the soil, mycorrhizal colonization is increased due to an increase in the concentration of chemical signals involved in the establishment of symbiosis (hirsch and kapulnik 1998).
The am prompted nutrient uptake may be due to an increase in surface area of soil contact, increased movement of nutrients into mycorrhizae, a modification of the root environment and increased storage. The effect of the mycorrhizal infection of the host plant is an increase in the uptake of p, which is mainly due to the capacity of the mycorrhizal fungi to absorb phosphate from soil and transfer it to the host roots. khan et al. (2008) also found an increase in both n and p followed by higher yield in Medicago sativa inoculated with Gigaspora ro sea and Glomus intraradices. in addition, safapour et al. (2011) , report similar increases in yield of three varieties of red bean when inoculated with am fungi and Rhizo bium sp. conclusions in conclusion, dominant arbuscular mycorrhizal fungi, either alone or in combination, can establish a symbiosis with mung bean, which results in this plant growing better and producing more beans under laboratory conditions. There is now a need to determine whether this technique can be used for increasing the growth and yield of mung bean under field conditions. 
